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Overview of J-PARC



181MeV (400MeV)



RCS and Septum magnets

Injection

Dump

Extraction

3 Septum magnets

2 Septum magnets

2 Septum magnets
Circumference: 348m

3 GeV
(Bρρρρ=12.8Tm)

181 MeV
(Bρρρρ=2.03Tm)

Septum magnets of RCS are required for

� 7 Septum magnets [2(injetion) 3(extaction) 2(dump)],

� large aperture for low losses of high intensity beam (1 MW),

� high durability to minimize the maintenance after the high activation.

RF acceleration



Design parameters of septum magnets

Watercooling of coils

1017283353191420Vmax. voltage of 
coil

1020161024888turnturn number of 
coils

12800(MAX)1103512312111765603678756506246Aexcitation current

Electromagnetic soft iron (JIS SUYP-1; block)material of core

1852609034340514587mmseptum thickness

Air (not in vacuum)environment

DCwave form

142166189223140136136136mmgap height

760743521336622368348370mmgap width

100010001000900100010008001400mmeffective length

1.131.6591.4020.6951.0860.5010.4390.487Tmax. field
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Schematic diagram of the R&D septum magnet

Upper view

Side view (without edge shield)
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Photographs of the septum magnet 
and the measurement

Septum magnet

Hall device probe

3D stageDC power supply



Photograph of the coil inside the shield

Ceramic is employed against the high radiation
for the electronic insulation of the coils.



Schematic diagram of cross section of the gap



OPERA3D model
Whole view Core and coil

Coil (2 turns)Magnetic Shield (Silicon steel)

Core (soft-iron)

Magnetic Shield (soft-iron)
Core (soft-iron)

(1/2 model)



Comparison of measurements and 3D calculation

S(mm)

S(mm)

�Leakage field was not agreed.

Field distribution (By) at X=0

�Magnetic field in the gap was agreed.
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Leakage field.
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Leakage field distribution (By) at X=-334mm
(Distance of 18mm from the septum shield)
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BH curves

Calculation 2

Calculation 1

Effects of BH curves near the saturation

Leakage field distribution (By) at X=-334mm

Calculation 2

Calculation 1

Measurement
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Schematic diagram of the core

Cross sectional area of the bolt holes are 
only 0.17% of the one of the return yoke.

Effects of the bolt holes near the saturation

Leakage field distribution (By) at X=-334mm

Distribution of B on the surface of the core

Calculation 2

Calculation 3

Measurement

Edge shield
position

Edge of the yoke Edge of the yoke

Distribution of B near the surface 
(Y=500mm) at center of the bolt holes

440mm:Return 
yoke thickness

φ33:Bolt holes
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Effects of the bolt holes near the saturation 2

Edge of the yoke Edge of the yoke

Distribution of B near the surface 
(Y=500mm) at center of the bolt holes

Distribution of B on the surface of the core

0.014T

2.24T



�we have to operate the core in the low magnetic field 
region which means the permeability is high enough. 
Our standard is 1.5 Tesla in maximum to be operated.

Attention points 
in design of RCS septum magnets

1.To suppress the leakage field,

When we operate not only the shield but also the return yoke at near saturation region.

2. When we cannot to obtain the shield or the yoke 
thickness enough,

(by weight limit, space limit and so on)

�we have to take into account effects of dispersion of 
BH curves and bolt holes.



Design parameters of septum magnets

Watercooling of coils

1017283353191420Vmax. voltage of 
coil

1020161024888turnturn number of 
coils

12800(MAX)1103512312111765603678756506246Aexcitation current

Electromagnetic soft iron (JIS SUYP-1; block)material of core

1852609034340514587mmseptum thickness

Air (not in vacuum)environment

DCwave form

142166189223140136136136mmgap height

760743521336622368348370mmgap width
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1.131.6591.4020.6951.0860.5010.4390.487Tmax. field
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Schematic diagram of the third extraction 
septum magnet

Side view (without edge shield) Upper view
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Schematic diagram of 
extraction septum magnets

Extraction septum 3

Extraction septum 2

Extraction septum 1
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OPERA3D model
Whole view Core and coil

Coil (2 turns) Core (soft-iron)
Magnetic Shield (soft-iron)

Core (soft-iron)



BH curves of soft iron

Field distribution (By) on the median plane

2D calculation and effects of BH curve
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Leakage field of the extraction septum 3

End of the shield

Center of 
the core

Leakage field distribution (By)
at the central orbit on the RCS

OPERA3D model

Central orbit on the RCS

BH curves of soft iron
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�Magnetic fields of an R&D septum magnet were 
measured and calculated by OPERA3D (TOSCA).
�The core was operate in high magnetic field region. This 
means the permeability is low. Leakage fields depended 
on not only the dispersion of BH curves but also bolt holes
to fasten the return yoke.
�We obtained a standard ; the core should be excited 
less than 1.5 Tesla.
�On the basis of the results of the R&D magnet, the third 
extraction septum magnet was designed. The magnetic 
field in the core and the leakage field were estimated.

Conclusions


